The degradation of dissolved organic carbon (DOC), nitrogen (DON) and phosphorus (DOP) 2 collected in the coastal upwelling system of the Ría de Vigo (NW Iberian Peninsula) was assessed 3 following the time course of DOC, DON and DOP concentrations in laboratory incubations. Initial 4 concentrations varied from 73 to 94 µM for DOC, 4.5 to 7.2 µM for DON and 0.18 to 0.26 µM for 5 DOP. The bioavailable fraction (BDOM) represented 17 ± 6 % (average ± SE) of DOC, 38 ± 6 % of 6 DON and 65 ± 9 % of DOP. BDOM was significantly correlated with temperature (R 2 > 0.3, p<0.05), 7 and chlorophyll a (R 2 > 0.5, p<0.05), indicating that the differences in DOM bioavailability were 8 associated to the seasonal variations in plankton biomass and activity. The C: N: P stoichiometry of 9 BDOM, 111 (± 38): 18 (± 6): 1 was not significantly different from the Redfield ratio (106: 16: 1), 10 pointing to a phytoplankton origin of BDOM. Accordingly, exponential decay rates of BDOM suggest 11 that this pool is very labile. Despite the reduced flushing times of the Ría de Vigo, from 3 to 8 days, as 12 much as 68 ± 22 % of BDOC (average ± SD), 81 ± 8 % of BDON and 97 ± 7 % of BDOP are 13 mineralized within the embayment. The remaining C-rich BDOM is exported to the adjacent 14 oligotrophic waters, suggesting that the offshore transport of labile DOM must be accounted for when 15 considering the carbon balance of ocean surface waters adjacent to productive coastal areas. 16 17
filters to remove larger phytoplankton and grazers and establish a microbial culture. After filtration, the 1 water was kept in the dark until arrival in the base laboratory (within 2 h). The water was transferred 2 into a 20 l carboy and the microbial inoculum was added to the 0.2 µm filtrate corresponding to 10% of 3 the total volume. The water was distributed into 16 glass bottles (500 ml) and incubated in the dark at a 4 constant temperature of 15ºC, with four replicate bottles being analyzed for each sub-sampling at day 0, (TDN) and 5) total dissolved phosphorus (TDP). The DIN, DIP and TDP subsamples were collected 11 into 50 ml acid washed polyethylene bottles and DOC and TDN samples into pre-combusted (450ºC, 12 12 h) glass ampoules and preserved with 50 μl 25 % H 2 PO 4 to 10 ml sample. 13
Sample analysis. DOC and TDN samples were measured using a Shimadzu TOC analyzer (Pt-14 catalyst) connected with an Antek-TN measuring unit. Using the deep ocean reference (Sargasso Sea 15 deep water, 2600 m) we obtained a concentration of 46.8 ± 2.8 µM (average ± SD) for DOC and 22.0 ± 16 2.0 µM for TDN. The nominal value for DOC provided by the reference laboratory is 44.0 ± 1.5 µM, 17 while the TDN value provided was 21.8 ± 0.8 µM. Standards for DOC and TDN were made from 18 potassium hydrogen phthalate and glycine, with the concentrations of DOC and TDN calculated using a 19 daily calibration curve with 4 points and subtraction of a blank value. DON ) were determined by standard segmented flow 1 analysis (SFA). The precisions are ± 0.02 µM for nitrite, ± 0.1 µM for nitrate, ± 0.05 µM for 2 ammonium, ± 0.02 µM for phosphate. TDP was measured by the ammonium molybdate method as 3 inorganic phosphorus after a wet oxidation (120°C, 75 min) in acid persulphate (Hansen & Koroleff, 4 1999). The detection of TDP was performed in a SFA system using a daily calibration curve. The 5 oxidation efficiency was tested daily with adenosine 5´-triphosphate (ATP) obtaining recoveries 6 between 90 and 100 %. DOP was calculated as the difference between TDP and DIP (DOP = TDP -7 DIP) with the SE for DOP calculated as: SE 2 DOP = SE 2 TDP + SE 2 DIP . Unfortunately, the TDP samples 8 from the 26-Jun-08 were under the detection limit of the method used, probably due to an unusual low 9 recovery during that measuring day (ATP < 80%). 10
The decay of DOM during the course of the incubations was modelled by a first-order exponential 11 decay function using the Marquardt-Levenberg algorithm and taking the refractory pool into account: 12
Where BDOM is the bioavailable pool (in µM), k DOM the degradation rate (in d polyphosphates in the average proportions provided by Miyata & Hattori (1986 
A system of 3 equations with 4 unknowns (Cho, Lip, Prt and Pho) has not a unique solution. 10
Whereas the amounts of Prt and Pho are determined by eqs (9) and (10) Statistical analysis. Regression analyses were performed using the best-fit between the two 3 variables X and Y obtained by regression model II as described in Sokal & Rohlf (1995) . In the cases 4 were the intercept was not significantly different from zero, it was set to zero and a new slope was 5 calculated. Prior to the regressions, normality was checked, the confidence level was set at 95% with all 6 statistical analyses conducted in Statistica 6.0. 7
Results and discussion 8 . Phosphate was relatively low, < 0.1 µM whereas DIN levels were > 5 µM (Fig. 2) , possibly due to 22 the high N/P molar ratio of the nutrient transported by terrestrial run-off (45; Gago et al. 2005 ). During 23 the summer surveys, initial strong upwelling was followed by moderate downwelling. The calculated 1 average water flushing times varied between 3 and 9 days. Salinities were stable > 35 and temperatures 2 were high > 17ºC. Low DIN levels, < 3 µM, and chlorophyll ranging from 1.1 to 4.5 mg m -3
were 3 recorded (Fig. 2) . 4
The hydrographic conditions at 5 m depth during this study were within the natural ranges of 5 variability found in long-term studies conducted in the Ría de Vigo (Nogueira et al. 1997). , demonstrating that the seasonal variations in DOM were due to the BDOM 21 pool, as previously found (Williams 1995) . The origin intercepts of these regressions indicated theDOP (Table 2) 
DOM biochemical composition 17
The range of possible biochemical composition of BDOM (Table 4) The average biochemical composition of marine phytoplankton consists of 46% Prt, 41% 21 4). It should be noted that the contribution of carbohydrates were inversely related with DIN and DIP 1 and positively related with chlorophyll ( Table 3) , showing that when nutrients become exhausted 2 phytoplankton respond by producing carbohydrates as observed before (Fajon et al. 1999) . While 3 protein compounds showed the contrary pattern (Table 3) with decreasing % contribution to the BDOM 4 pool under N-deficient conditions. 5 6
DOM stoichiometry 7
The stoichiometry of DOM and BDOM was determined from the slopes of the DOM element-8 element plots (Fig. 4) . These slopes are smaller than those of the elemental ratios, indicating that these 9 C: N: P ratios only included the recently produced biomolecules containing nitrogen and phosphorus. 10
The slope of the relations between DOC, DON and DOP suggested an average ratio of 133 (± 44): 14 (± 11
3): 1 for the DOM. The significant origin intercepts in these linear regressions (Fig 4) showed that a  12 background level of DOC of 23 ± 10 and 54 ± 13 µM would persist when DON and DOP reached zero, 13 respectively. Additionally, the origin intercept of the relationship between DON and DOP showed that 3 14 ± 1 µM of DON would remain when DOP is depleted (Fig 4) , suggesting that degradation follows the 15 sequence DOP > DON > DOC, which links DOM N and P depletion with age as found previously 16 (Jackson & Williams 1985 , Hopkinson et al. 1997 ,2002 . 17
The C: N: P stoichiometry of BDOM, obtained from the slope of the significant (p < 0.05) linear 18 relationships between BDOC, BDON and BDOP (Fig. 4) should be considered as a continuum of pools with decreasing lability (Williams 2000) . In our particular 5 case, given the limited number of points of the degradation curves, the model used only considers a 6 labile and a refractory DOM pool. 7
Average BDOM decay rates (Table 4) regression slopes indicate that DOC and DON were degraded at a rate equivalent to 58 ± 21 % and 77 16 ± 13 % (slope ± SE) of DOP (Fig. 5) . This is in agreement with the previous discussion of C:N:P 17 stoichiometry with the degradation r of the DOM pools following the sequence DOP > DON > DOC 18 (Garber 1984 , Hopkinson et al. 1997 , 2002 . 
